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ABSTRACT 

The Phase D,   Part  3 Airworthiness  and Qualification Aircraft  Vibra- 
tion Tests  of the AH-1G Helicopter were  conducted in California at 
Edwards Air Force Base and auxiliary tests  sites during the period 
13 June  1968 through 29'July 1969.     Six vibration parameters were 
evaluated to determine model specification compliance and mission 
suitability information for inclusion in technical manuals  and 
other publications.    The vibration levels of the AH-1G met all 
requirements of the detail model specification; however,   a reduc- 
tion in the vibration  levels  at  airspeeds  from maximum  level-flight 
airspeed  (V^)  to  limit airspeed is  desirable for improved mission 
suitability.     The detail model  specification did not require any 
specific vibration  levels  at  airspeeds  other than Vi[.     Future 
detail model  specifications  should  contain vibration  limits for 
all   flight  conditions and aircraft  configurations. 
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INTRODUCTION 

■ 
BACKGROUND 

1. In October,   i9tS,   rl\e  Department   ol" tlie Army directed the IIS 
Army Matnricl Commu-id   [USM1C)   to conduct  an expedited comparative 
evaluation of a  selected  group  of three helicopters   to  fulfill  the 
immediate  requirement   for an  armed helicopter.     A   flight   test  pro- 
grain was conducted on  the three  aircraft by  the US Army Aviation 
Systems test Activity   (USAASTA)   at  Udwards  Air  force  Base,  Califor- 
nia,   from  13 November to   1  December  1965.     The AH-iG IlueyCobra was 
the  aircraft  selected  from the evaluation  to meet   the   requirement. 

2. On 17 August  1966,   the USAASTA was directed by the US Army Test 
and Evaluation Command   [USATliCGM)   to perform Phase B and Phase 1) 
testing of the All-lC helicopter  (ref 1,   app  1).     A plan of test  for 
the  Phase' B engineering  test was  submitted by USAASTA  in April   1967 
and approved by the  US Army Aviation Systems  Command.     Phase B tests 
were conducted at different test  sites  and geographical  locations 
from 3 April  1967 to  3 May  1968 on  several  test  aircraft.    The re- 
sults  of these tests  are presented in references  2 through  8.    The 
AH-IG plan of test  for the Phase Ü program   (ref 9)   was  initially 
submitted, 'in August   1967 and approved by USAAVSCOM on  24 October 
.1968.    The' Phase D plan of test was, amended on 5 November  1968 to 
include  an additional  test,  requested by USAAVSCOM   [ref 10].    Two 
aircraft were used for Phase D program to reduce  the calendar time. 
One  of the test  aircraft was  a prototype  aircraft   (S/N 66  15247) 
and the other was  a production model   (S/N 67  15695) .     The results 
of the Phase 0 vibration tests  are presented  in this  report 
(Part  3) .    The Phase D handling' qualities  and performance results 
are presented in! other reports   (Part  1 and Part  2).     No wing store 
jettison or armament  subsystem firing tests  were  conducted during 
the Phase D program since  adequate testing had been accomplished 
in these areas during the y\ll-lG Phase B program. 

TEST OBJECTIVt-S 

'3.     The test objectives  of the AI1-1G Phase  D test  program were as 
follows: 

a.    To provide  information  for technical  manuals  and other ser- 
vice  publications. 
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b. To dctcniilive compl i;mcc with applicable uiilitai-y speci f'ica- 
c ion;;. 

c. To detcnnine compLianco with contract guarantees. 

d. To evaluate upe'-al ional suitability for the armed helicopter 
mission requirements. 

DliSClUPTION 

4.  The .Vil-lcl lielicopter, manufacttired by Bell Helicopter Company 
(B11C) , was designed specifically to meet the US Army requi rerr.ent for 
an armed helicopter. Tandem seating is provided for a two .an crew. 
The main rotor system is a two-bladed, semirigid, "door-h;nge" type 
with no stabilizer bar.  A conventional antitorqtie rotor is located 
near the top of the vertical stabilizer.  The All-Id is equipped with 
a three-axes stability and control augmentation system (SCAS) to im- 
prove the aircraft's handling qualities.  The helicopter is powered 
by a Lycoming T53-L-13 turboshaft engine rated at 1400 shaft horse- 
power (slip) at sea level (SL) under standard day, uninstallcd condi- 
tions. The engine is derated to 1100 shp because of the maximum 
torque limit of the main transmission.  Distinctive features of the 
A11-1G are the narrow fuselage (36 inches), the stub midwing with 
four external store stations and the integral chin turret. The 
flight control system is of the mechanical, hydraulically boosted, 
irreversible type with conventional helicopter controls in the aft 
cockpit (pilot's station).  The controls in the forward cockpit 
(copilot/gunner's station) consist of conventional antitorque pedals 
and sidcarm collective ;ind cyclic controls.  An electrically oper- 
ated force trim system is connected to the cyclic and directional 
controls to induce artificial feel and to provide positive control 
centering.  The elevator is synchronized with the cyclic stick. The 
armament configurations are changed by varying the wing stores and 
chii. turret configuration.  The pilot operates the wing stores and 
can tire the chin turret only in the stowed position. The gunner/co- 
pilot operates the flexible turret and can also fire the wing stores 
in an emergency.  The wing stores can be jettisoned by cither the 
pilot or gunner in case of emergency.  The design gross weight (grwt) 
of the A1I-1G is 6600 pounds and the maximum grwt is 9500 pounds. 
More detailed aircraft information and operating limits of the A11-1G 
arc presented in appendix II. 
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SCUPH OF TUST 

5.    üurüig the AH-1(J Pliuse D tost progr:un,   256 flights were con- 
ducted  for a  total  of 368.8 hours of which  227.y hours were* 
productive.     Testing was  conducted  in California,   from   13 June   1968 
to 29 July   L9t)9  at Shafter Airport   [420-foot elevation,),  Edwards  Air 
Force  Base   (23ÜÜ-foüt  elevation)   and high-altitude  test  sites  near 
Bishop   (.4120-,   7010-   and 9500-foot  elevations).     Testing was  con- 
ducted to determine  the  aircraft performance,  handling qualities  and 
vibration characteristics.     This  report   contains  the  results of the 
vibration testing,   and  Part   1  and Part  2  contain handling qualities 
and performance test results,   respectively.     Aircraft  serial number 
(S/N)   67' 15695 was used to comply with-USAASTA policy of performing 
vibration tests on a production aircraft when available.    No flight 
time was directly attributed to  the vibration tests  since all  vi- 
bration data were obtained during the handling qualities evaluation. 
The configurations  tested during the vibration portion are  listed 
in table 1. 

Table 1.    Aircraft Armament Configurations. 

Configuration Armament Subsystems1 

Clean TAT-102A or XM28 turret, 
no  external wing stores      j 

Outboard alternate TAT-102A or XM2S turret,    1 
one XM159 outboard each      j 
wing 

Heavy hog TAT-102A or XM28 turret,     j 
two XM159 each wing              j 

^e test aircraft was equipped with the XM28 turret in the hybrid 
configuration:    one 7.62mm minigun  (XM134)  and one 40mm grenade 
launcher (»1129) . 

6. The test program was conducted within the limitations estab- 
lished by the AH-1G Safety-of-Flight Release issued by USAAVSCDM 
(refs  11 and  12,  app  I). 

7. The  empty weight  of the test aircraft  in the clean configuration 
with test instrumentation installed was  5920 pounds with a center 
of gravity  (eg)   at  fuselage station  (FS)   200.69 inches. 

- ■ mi       in i^.  - 
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S,     The  A11-1G was  evaluated as  an  armed,   tactical helicopter,   capa- 
ble of day or night  operation  from prepared or unprepared areas. 
The  vibration characteristics  of  the  All-UI helicopter were  evalu- 
ated  to determine  compliance with  tlie   requirements  of paragraph 
3.4.7 of  the  detail specification   (ref  13,  app  1).     Specific  condi- 
tions   for each test  are presented  in  the  Results  and Discussion 
section  of this   report. 

MHTI10DS OF TEST 

9. Vibration data were  gathered  simultaneously during the  static 
stability tests.     Data reduction procedures  used in these  tests  are 
established engineering  flight  test  techniques  and are described 
briefly  in  appendix 111.    All  flights  were conducted and supported 
by USAASTA personnel.    Tests were  conducted In nonturbulent  atmos- 
pheric conditions  so the data would not be  influenced by uncon- 
trolled disturbances. 

10. The   flight  test  data were  recorded from test instrumentation 
in the pilots panel,  copilot/gunners panel,  and a 50-channel os- 
cillograph.     A detailed listing  of the  test instrumentation  is  in- 
cluded in  appendix  IV. 

CHRONOLOGY 

11.     The  chronology of the AH-1G Phase D,  Part 3 test program is  as 
follows: 

Flying portion of the 
Phase D program commenced 13 June 1968 

Aircraft S/N 67 15695 
received 

Flight test commenced 
on aircraft S/N 67 15695 

Flight test completed 
on aircraft S/N 67 15695 

Flight test completed on 
the Phase D program 

Draft report completed 

8 August 1968 

4 September 1.968 

10 October 1968 

29 July 1969 

May 1970 

mämummmmmmm 
-■"'-' -'-■-"-^-^-" -■--  ■--' -:   ■   "■''--    -■-•■•■■■■■    —-       -' ..      ,•■. 
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RESULTS AND DISCUSSION 

(.;I:NI;RAL 

12.    This   report   presents  HK-   results  uf  the  l'iuise D vibration 
analysis  of the Ail-U; helicopter.      I'lio   test   data  obtained during 
these  tests  were  used   for detenni n i m.1.  compliance with  the  detail 
specification   (ref   13,  app  1J .     The   vibration   levels  of the All-IG 
met all  requirements of the detail   model  specification; however, 
a  reduction   in   the  vibration   1. vels  at   airspeeds  from maximum speed 
for  level   flight   (V .)   to  limit  airspeed   (V  '   is  desirable  for 
Improved mission  suitability.     1'lie  detail   nudel  specification did 
not  require  any  specific vibration   levels   ai   airspeeds  other 
than V  .     Future  detail  model  specifications   should contain 
vibration  limits   for all   flight   conditions  and aircraft  configura- 
tions. 

AIRCRAFT CONTROL SVSTlifl RICIGIN'G 

13.     Prior to testing,  the  aircraft   flight  and engine controls  were 
checked for  correct  rigging.    Subsequent  aircraft  flight  and engine 
control  rigging  changes were coordinated with  contractor's  technical 
representatives.     Gmphasis was placed on optimizing and maintaining 
the balance  and tracking pattern  of the  main   rotor and tail  rotor 
during the test program. 

VIBRATION CHARACTERISTICS 

14.    The  objective of these  tests  was  to define the vibration  char- 
acteristics  of the A11-1G helicopter.     Vibration data were  recorded 
in the  vertical  and  lateral direction  at  three different  locations 
(pilot station,   copilot  station and  mounting plate  for chin  turret 
site).    The  location of each vibration  accelcrometcr is  discussed 
in appendix  III.     The main rotor vibration harmonics   [1/rev,   2/rev, 
4/rev,  6/rev and  8/rev)  were evaluated.     The  10/rev harmonic was 
not evaluated since previous test  results  in  references 4  and  14, 
appendix  I,   indicated that this harmonic was  not  critical.     The 
test  conditions   are presented  in  table 2. 

..„...^i .■<■■.„       ii'ifirliim-ri«-v 
„..i^j-^kilÄ^iJ-l^-Äiu*»*»***«*5** 
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'1'ubh Vibi'ation Test  Conditions. 

1 Gross 
We I git 

Clb) 

Density 
Altitude 

(ft) 
Rotor Speed 

(rpm) 

Longitudinal 
Fuselage station 

(in.) 

Coiifi gura- 
11 on 

Flight 
Condition 

85ÜÜ 4,700 324.0 

323.5 

324.0 

323.5 

323.5 

201.0   (AFT) 

191.4   (FW1J) 

201.6   (AFT) 

190.2   (FWD) 

201.0   (AFT) 

Outboard 
alternate' 

Clean 

Heavy hog 

... 

Level 
flight         j 

8470 

18460 

|   7355 

4,980 

4,540 

4,460 

5,360 |8525 

9435 3,295 323.5 200.7   (AFT) 

8605 14,760 323.0 200.9   (AFT) 

8600 4,610 323.5 201.0   (AFT) 
Outboard 
alternate 

Dive 

j   8240 5,440 324.0 191.2   (FWD) Clean 

Heavy hog 

\   8315 4,520 324.0 201.7   (AFT) 

|   7205 [    5,520 321.0 189.9   (FWD) 

201.0   (AFT) !   8640 5,380 324.5 

1   9310 3,270 324.0 200.6   (AFT) 

1   8540 14,480 322.0 200.9   (AFT) 

1   8170 4,950 323.0 

324.0 « 

201.7   (AFT) Clean Climb 

8220 6,220 201,0   (AFT) Heavy hog 

8170 4,950 317.0 201.7   (AFT) Clean 
Autoro- 
tation 

j   8220 6,220 320.0 201.0   (AFT) Heavy hog 

^ n. ■ mmmmmmmmmu i - i '^Wrt,wffinl,inirr,r-nt^^^^..s...,,. mmltmmM ^mm 
' "——.1111-ft.tiniiini , ■ ■ .,.2 



15. Deviation lunuhcr  3 of   the  detail   model   specification   fref   13, 
app   1)   presents   the   vibration   requi reinen Is   for the  acceptance  of 
a production  aircraft.     This   deviation   is   presented   in   appendix  V. 
The  stated  requirement established  criteria which  are  applicable  at 
one   set   of  conditions  only  and  do  not   provide   for the  entire AII-IC 
flight  envelope   for all  armament  configurations.     The  vibration 
limits   for each  main   rotor harmonic,   as   stated  in  the  deviation, 
were  used as  the  criteria against  which all  vibration  characteris- 
tics  were evaluated. 

16. The  results  of the  vibration tests,   flown  to check  the  guaran- 
teed conditions,  are presented  in   figures   1  through 6,   appendix VI. 
These  tests were not  conducted at  the  mid center of gravity   (eg)   as 
specified  in the  detail  model  specification   (ref  15,   app   1).     This 
condition was  the only major variation  from the  stated deviation 
mentioned  in paragraph  15,   and was  considered analytically  during 
vibration analysis  in determining  contract  compliance. 

17. The  vibration  levels  encountered during the  Phase  D program 
agreed generally with the  contractor's  reported values   (ref 14, 
app  I)   and the  Phase  B vibration  analysis   (ref 4),  except  in  one 
area.     At  airspeeds  above  120  knots  calibrated airspeed   (KCAS), 
vertical  2/rev vibration,   at  the  copilots  station during  the  Phase 
D program,  was higher than previous  test  results.    This  increase 
in the 2/rev vibration level was  attributed to the location of the 
vibration sensor and the  aft  eg  loading.     (It  is noted in paragraph 
20 that  the  vibration  amplitude  is   larger at  an aft  eg than  at  a 
forward  eg  for the 2/rev vertical vibration harmonic.)     Smaller 
increases  in vibration levels  at  other frequencies were  also encoun- 
tered,  but were attributed to the  aft  eg  loading.    The vibration 
levels  recorded during this  program,  both  in  the vertical  and  lat- 
eral  direction,  were well within  the  requirements  of the  stated 
design  specification and no crew-member discomfort was  encountered 
at  airspeeds below  165  KCAS.     At  airspeeds  in excess  of  165  KCAS 
the vibration levels increased significantly with increasing air- 
speed.     While no difficulty was  encountered either in manipulating 
cockpit  controls  or reading  of the  flight  instruments,   these higher 
vibration levels increased crew discomfort.    The increasing 
vibration levels  at  airspeeds  approaching V    provide  a cue  to the 
pilot  that V    is being approached.     The  one  vibration harmonic 
especially noticed by the  crew was the vertical 2/rev. 

18. The  amplitude of the  1/rev was  not effected by variations  in 
airspeed.     The  2/rev vertical  vibration  increased with  increasing 
airspeed and,   for most  conditions  tested,  was  above 0.2g  in  diving 
flight.     The  2/rev lateral  vibration  level  generally decreased at 
airspeeds both  greater than  and  less  than  maximum level-flight 

w 

t; 
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airspeed   (V ) .     The  amplitude of  the   l/iw  vibration   (-'requency was 
usually   In excess  of 0.2g  in  both   Uie   vertical   and   lateral  direc- 
tions  at  airspeeds   In  excess  of   100  KCAS.     The  amplitudes  of the 
6/rev  vertical  harmonic,   at   the  pilot   station  and   the  6/rev   lateral 
harmonic  at   the  copilot   station,   increased   rapidly   at  airspeeds   in 
excess  ot" V   .    The  amplitudes  of the  other O/rev  vibration harmonic 
were only  slightly  affected  as  airspeed was   increased  above  V   . 
The magnitude of the  8/rev vibration   frequencies  were  only  slightly 
affected by  variations   in  airspeed. 

19. The  results  of the wing  armament  comparison  tests  arc presented 
In  figures  7 through   12,   appendix VI.     The  only  vibration harmonic 
which was  significantly  affected by  variations   in  wing store config- 
uration was the  2/rev.     The  amplitude of the  2/rev vertical vibra- 
tion  frequency was  generally highest   In  the  clean  configuration. 
The 2/rev lateral vibration levels were slightly higher In the heavy 
hog configuration than the clean configuration and reached a maximum 
value  at V... 

20. A vibration comparison, in the clean configuration at forward 
and aft eg loadings, is presented in figures 13 through 18, appendix 
VI. The 2/rev and 4/rev vibration amplitudes, in both the lateral 
and vertical directions were lower at the forward eg loading. The 
amplitude of the 2/rev vibration in the vertical direction was af- 
fected most by longitudinal eg variations. The magnitudes of the 
1/rev, 6/rev and 8/rev harmonics were not affected by longitudinal 
eg  location. 

21. The effect of engine power on vibration is presented in  figures 
19  through  24,   appendix VI,  where  climb  and autorotation data were 
compared for an airspeed range of 40 to 110 KCAS.     Engine power had 
an insignificant effect on vertical vibration at the pilot station 
at all  frequency levels except 6/rev and 8/rev.    The magnitude of 
the vertical 6/rev vibration,  at the pilot station, wac signifi- 
cantly higher in autorotation than during climb,  at airspeeds above 
60  KCAS.    The amplitude  of the  8/rev vibration was  generally higher 
during autorotation than powered flight but was not excessive.    The 
2/rev lateral vibration harmonic was the only  lateral harmonic 
affected by engine  power variations.    The  2/rev  lateral vibration 
level increased in magnitude as engine power was  increased.    This 
increase in the  2/rev  lateral  vibration with  the  variation in 
engine power was most noticeable in the  forward part of the aircraft, 

22.     The effects  of engine power on vibration  characteristics  in 
diving flight at airspeeds between V[.| and VL were not investigated 
during this program.     The engine output torque was maintained at or 
near 50 pounds/inch2   (psi)   for airspeeds  above V].] during this test 
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progra«! at   density  altitulcs  below 6UUU   feet,     lluwever,   vibration 
characterlsties   in  diving   Flight   are  presented   in   referenee   IS, 
appendix   1,  wLti\  the   engine   torque  output   at   values   less   than 
50  psi. 

23. The  results  of the  comparison ol: vibration  characteristics  for 
several  gross weights  are  presented   in   figures   25  through  30,   appen- 
dix  VI.     Gross  weight  had  the  most  significant  effect  on  the   vertical 
vibration  levels  at  the  pilot  station.     The highest  2/rev and 4/rev 
vertical  vibration  levels  during the  Phase  1) program,  were encoun- 
tered at  the  forward  eg,   light  gross  weight   (7200   IbJ ,   clean  config- 
uration.     The maximum magnitudes  of the  2/rev  and 4/rev were  0.385 
and 0.545  g's,   respectively,   at  an  airspeed of  189  KCAS.     The  verti- 
cal  vibration  level  decreased  as  gross  weight was  increased.    This 
decrease was more noticeable  at  the higher airspeeds.     The  magnitude 
of the   lateral  vibrations  was  generally  unaffected by  the  gross 
weight  variations,   for all  main  rotor harmonics. 

24. The  effect  of altitude  on vibration  characteristics  is  pre- 
sented in  figures  37  through 42,  appendix VI.     The vertical  and 
lateral  vibration characteristics  and  levels  were similar at  density 
altitudes  of 5000  and  15,000  feet.     Comparing the  two altitudes 
shows  a general  increase  in  the  4/rev vibration  level  at  the  same 
calibrated airspeed.     It was  also noted that increasing airspeed 
while at or near V.,   at   15,000  feet,  did not  result  in  the  same in- 
crease  in the vibration  levels  as had been encountered at  5000  feet. 

- 
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CONCLUSION 

25.    The  vibration characteristics of the All-Ul helicopter were  suit- 
able  for mission  use   for all   flight   conditions  and configurations 
less  than  V   .     For  airspeeds  between  V    and  V  ,   the  vibration   levels 
increased and caused  increased crew discomf fort (para  17) 

26. The  2/rev and 4/rev vertical  vibrations  in the clean configura- 
tion were excessively high at  the  light  gross weight   (7200   lb), 
airspeeds  in  excess  of V     (para  23). 

27. The  vibration characteristics  meet  the  requirements  established 
In the All-IG detail model  specification   (ref 13,  app  1)   (paras   16 
and  17) . 

28. The  approved deviation of reference  13,   appendix 1  does  not 
establish  adequate standards  for the  evaluation of all  configura- 
tions  and normal   flight  conditions  of the A11-1G helicopter  (para  15), 

10 
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RECOMMENDATIONS 

29. The vibration  levels  at  airspeeds between ¥„ and VL be reduced 
to improve mission suitability (para 17). 

30. Future detail model specifications contain vibration limits for 
all flight conditions  and aircraft configurations   (para 15). 

11 
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APPENDIX II. BASIC AIRCRAFT INFORMATION 
AND OPERATING LIMITS 

AlRl'RAMh 

Rotor Svstem 
-  ■   ■ -i  

The 540  'Moor hinge" main  rotor assmhly   is  ,1  two hlatk'd,   semi- 
rigid,  undo rs lung  feathering axis   type  rutur.    Tlio assemlily  con- 
sists  basically  of  two  all-metal   blades,  blade grips,   yoke  exten- 
sions,   yoke  trunnion,  and   rotating  controls.    Control  horns   for 
cyclic   and  collective  control   input   are mounted  on   the  trailing 
edge  of the blade grip.     frunnion bearings  pennit   rotor  flapping. 
The blade  grip  to  yoke  extension bearings  pennit   cyclic   and  col- 
lective  pitch  action. 

Tail  Rotor 

fhe tail rotor is a two-bladed, delta hinge type employing pre- 
coning and underslinging.  fbo blade and yoke assembly is mounted 
to the tail rotor shaft by means of delta-hinge trunnion.  Blade 
pitch angle is varied by movement of the tail rotor control pedals. 
Power to drive the tail rotor is supplied by a takeoff on the 
lower end of the main transmission. 

Transmission System 
 1  

The transmission is mounted forward of the engine and coupled to 
the engine by a short drive shaft. The transmission is basically 
a reduction gear box which transmits engine power at reducei rpm 
to the main and tail rotors by means of a two-stage planetary gear 
train. The transmission incorporates a free-wheeling unit at the 
input drive.  This provides a disconnect from the engine in case 
of a power failure to allow the aircraft to make an autorotional 
landing. 

Synchronized lilevator 

The synchronized elevator, which has an inverted airfoil section, 
is located near the aft end of the tail boom and is connected by 
control tubes and mechanical linkage to the fore and aft cyclic 
control system.  Fore and aft movements of the cyclic control 
stick produce a change in the synchronized elevator attitude. 

14 
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L'oiUrul   Sys tcms 

A dual  hydraulic  control  system   is  provided   for  the  cyclic  and 
collective  controls.     Tho directional   controls   are  powered  by   a 
single   servo  cylinder which   is   operated hy  system No,   1.     The 
hydraulic system consists  ot" two hydraulic  pumps,  two   reservoirs, 
relief valves,   shut-oft" valves,   pressure warning   lights,   lines, 
fittings,   and manual,  dual  tandem,  servo actuators   incorporating 
irreversible  valves.    Tandem power cylinders   incorporating  closed 
center  four-way manual  servo  valves  and   irreversible  valves   are 
provided  in  the  lateral,   fore  and aft  cyclic and  collective  con- 
trol  system.     A single power cylinder  incorporating  a  closed 
center  four-way manual  servo valve  is  provided   in  the directional 
control  system.     The  cylinders  contain a straight-through mechani- 
cal  linkage. 

Force Trim 

A magnetic brake and force gradient device is incorporated in the 
cyclic control and directional pedal controls. These devices are 
installed in the flight control system between the cyclic stick and 
the hydraulic power cylinders and between the directional pedals 
and the hydraulic power cylinder.  The force trim control can be 
turned off by depressing the left button on the top of the cyclic 
stick.  The gradient is accomplished by springs and magnetic brake 
release assemblies which enable the pilot to trim the controls 
as desired. 

Cyclic Control Stick 

The pilot and gunner cyclic stick grip each have a force trim switch 
and a SCAS release switch.    The pilot's  cyclic stick has  a built-in 
operating  friction.    The cyclic control movements  are transmitted 
directily to the swash plate.    The fore and aft cyclic control  link- 
age is  routed from the cyclic stick through the SCAS actuator,  to 
the dual boost hydraulic actuator and then to the right horn of the 
fixed swash plate ring.    The  lateral  cyclic  is  similarly routed to 
the left horn. 

Collective Pitch Control 

The collective pitch  control  is  located to the left of the pilot and 
is used to  control  the vertical mode of flight.     Operating  friction 
can be induced into the control  lever by hand tightening the  fric- 
tion adjuster.    The pilot and gunner collective pitch controls have 
a rotating grip-type throttle. 
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I'aii Rotor Pitch CuiiLrül   1'cJals 

Tail  rotor'pitch  control  pedals  alter the  pitch  of the tail   rotor 
blades  and  thereby provide  the means   for directionai   control.    The 
force  trim system   is  connected  to  the directional   controls  and   is 
operated by  the  force  trim switch on the  cyclic  control  grip. 

Stability  and Control  Augmentation System   (SCAS) 

The SCAS  is  a three-axis,   limited-authority,   rate-referenced 
stability augmentation system.     It   includes   an  elcctr''cal  pilot 
input which augments   the  pilot's  mechanical   control   input.    'ITris 
system permits  separate  consideration of airframe  displacements 
caused by external  disturbances  from displacements   caused by  pilot 
input.    The SCAS  is  integrated into the  fore,   aft,   lateral  and 
directional  flight  controls  to  improve the  stability and handling 
qualities  of the helicopter.    The system consists  of electro- 
hydraulic servo actuators,   control  motion transducers,  a sensor/ 
amplifier unit and a control panel,    nie servo actuator movements 
are not  felt by the pilot.    The actuators  are  limited to a 25-percent 
authority and will  center and lock in case  o£ electrical  and/or 
hydraulic failure. 

ENGINE 

Engine Description 

The T53-L-13 engine,  rated at 1400 shp,   is  a successor to the 
T53-L-11 engine.    The additional power has been achieved with no 
change in the basic T53-L-11 engine envelope mounting and connec- 
tion points and with  a 6-percent increase in basic engine weight. 

The performance gain is  accomplished thermodynamically by the me- 
chanical integration of a modified axial  compressor,  a two-stage 
compressor turbine and a two-stage power turbine  into the T53-L-11 
engine configuration. 

Replacement of the first two compressor stators and changing of 
the first two stages  of compressor rotor blades  and disks results 
in an approximate 20-percent increase in mass  air flow through the 
engine.    This  is  accomplished without the use of inlet guide vanes. 

An inlet flow  fence,   located on the outer wall  of the  inlet housing 
in the area of the previously used inlet guide vanes, provides the 
desired inlet conditions  for the transonic compressor during accel- 
eration at  low speeds.     At  compressor speeds  up to  70 percent,   the 
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fence  is  in the extended position.    Above 70 percent,   the  flow 
fence  is  retracted  into  the outer wall  of the   Inlet  housing.    .Simi- 
lar to a piston ring,   the  circumference of the  flow   fence   is  changed 
by the action of a piston  actuator powered by  compressor discharge 
pressure. 

The specification  for this  engine allows  the use  of JP—1  or JP-5 
type  fuel  for satisfactory operation throughout  the  engine's  operat- 
ing envelope.    During this  program,  JP-^   fuel was  used. 

Engine  Power Control System 

The  fuel control for the T53-L-13 engine is  a hydro-mechanical  type 
of fuel control.     It  consists  of the following main  units: 

a. Dual-element  fuel  pump. 

b. Gas producer speed governor. 

c. Power turbine speed topping governor. 

d. Acceleration and deceleration control. 

e. Fuel shut-off valve. 

f. Transient air bleed control. 

An air bleed control is  incorporated within the fuel control to 
provide for opening and closing the compressor interstage air bleed 
in response to the following signals present in the power control: 

a. Gas producer speed. 

b. Compressor inlet air temperature. 

c. Fuel flow. 

The fuel control is designed to be operated either automatically 
or in an emergency mode.     In the emergency position,   fuel flow is 
terminated to the main metering valve and is  routed to the manual 
(emergency) raeteri"? and dump valve assembly.    While in the emer- 
gency mode,  fuel fxow to the engine is  controlled by the position 
of the manual metering valve which is directly connected to the 
power control  (twist grip).     During the emergency operation,  there 
is no automatic control of fuel flow during acceleration and decel- 
eration;  thus,  EGT and engine acceleration must be pilot-monitored. 
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BASIC  AlllCRAFT  INF01UIATI0N 

Airfrtuue Data 

Overall length (rotor turning) 
Overall width (rotor trailing) 
Center  line of main rotor to  center line 

of tail rotor 
Center  line  of main rotor  to 

elevator hinge  line 
Elevator area  (total) 
Elevator area  (both panels) 
Elevator airfoil section 
Vertical stabilizer area 
Vertical stabilizer airfoil section 
Vertical stabilizer aerodynamic center 

Wing area: 
Total 
Outboard of BL 18.0   (both sides) 

Wing span 
Wing airfoil section: 

Root 
Tip 

Wing angle of incidence 

(17)7.2  inches 
124.0  inches 

320.7  inches 

198.6 inches 
15.2 square feet 
10.9 square feet 
Inverted Clark Y 
18.5 square feet 
Special camber 
FS 499.0 

27.8 square feet 
18.5 square feet 
10.33 feet 

NACA 0030 
NACA 0024 
14 degrees 

Main Rotor Data 

Number of blades 
Diameter 
Disc area 
Blade chord 
Rotor solidity 
Blade area (both blades) 
Blade airfoil 

Linear blade twist 
Hub precone angle 

44 feet 
1520 .5 square feet 
27  inches 
0.0651 
99  square  feet 
9.53 percent symm 
special section 
-0.455 deg/ft 
2.75  degrees 

Antitorque Rotor Data 

Number of blades 
Diameter 
Disc area 
Blade  chord 
Rotor solidity 
Blade airfoil 
Blade twist 

8.5  feet 
56.74 square feet 
8.41  inches 
0.105 
NACA 0010 modified 
Zero degrees 
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Transmission Drive System Ratios 

Engine  to main rotor 
Engine to  antitorque  rotor 
Engine to antitorque  drive system 

Test Aircraft Control  Displacements 

Longitudinal  cyclic  control: 
Full  forward to  full  aft with SCAS nulled 

Lateral  cyclic  control; 
Full  left to  full  right with SCAS nulled 

Directional   (pedal)   control: 
Full  left  to full  right with SCAS nulled 

Collective control; 
Full up to full down with SCAS nulled 

20.383:1.0 
3.990:1.0 
1.535:1.0 

10.03  inches 

9 .90  inches 

5.97  inches 

8.96  inches 

OPERATING LIMITATIONS 

Limit Airspeed  (VL) 

Any configuration with XM159 rocket pods:     180 KCAS below a 3000- 
foot density altitude;  decrease 8 KCAS per 1000 feet above 3000 
feet 

For this test,  the AH-1G with skid gear fairings removed:  same 
as standard configurations   (Normal limit for operational use: 
160 KCAS) 

All other configurations:     190 KCAS below a 4000-foot density 
altitude;  decrease 8 KCAS per 1000 feet above 4000 feet 

Gross Weight/Center of Gravity Envelope 

Forward center of gravity limit:    Below 7000 pounds,  FS 190.0; 
linear increase to FS 192.1 at 9500 pounds 

Aft center of gravity limit:    Below 8270 pounds,  FS 201.0 linear 
decrease to FS 200  at 9500 pounds 

Sideslip Limits 

Five degrees at V,  with  linear increase to 20 degrees at 60 KCAS 
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Rotor  and Lingine Speed  Limits   (Steady State] 

Power on: 
lingine rpm 
Rotor rpm 

Power off: 
Rotor rpm 
Rotor rpm transient lower Limit 

Power on during dives and maneuvers: 
Rotor rpm 

Temperature and Pressure Limits 

Engine oil temperature 
Transmission oil temperature 
Engine oil pressure 
Transmission oil pressure 
Fuel pressure 

T55-L-15 Engine Limits 

Normal rated EGT (maximum continuous) 
Military rated EGT (30-minute limit) 
Starting and acceleration EGT (5-second limit) 
Maximum EGT for starting and acceleration 
Torque pressure limit 

MM)  to 6(>ü() 
M4 to 324 

294 to 339 
250 

314 to 324 

930C 
110oC 
25 to 100 psi 
30 to 70 psi 
5 to 20 psi 

6^0C 
6450C 
6750C 
760oC 
50 psi 
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APPENDIX III. TEST TECHNIQUES AND 

DATA REDUCTION PROCEDURES 

INTRODUCTION 

Instrumentation 

1.    The instrumentation was calibrated prior to commencing the test 
program.    A detailed tabulation of the instrumentation is given in 
appendix IV.    All quantitative data obtained during this  flight test 
program were obtained from special sensitive instrumentation.    Data 
were obtained from three sources:     oscillograph, pilot's panel   (hand 
recorded)   and engineer's panel  (hand recorded).    Vibration data were 
recorded on the oscillograph.    The vibration sensors used and their 
location in the aircraft are shown in photographs 1,  2 and 3. 

Photo 1 Photo 2 Photo 3 

Fuselage station 145.8 81.3 51.8 

Buttline 10.0 RT 10.0 RT 0.0 

Waterline 70.5 57.0 50.5 
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Photu   1.     Vertical   and   I.aferal   Vibration  Sensors   Located 
at   i ho   l1 i lot 's   St at ion . 
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Photo 2.  Vortical and Lateral Vibration Sensors Located 
at the Copilot/Gunner's Station. 
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r^hoto  5.     Vertical   and  Lateral Vibration  Sensors   Located 
at   the  Site Mount   for the Chin Turret. 
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Weight  und Balance 

2. The weight and balance  of  the  lest helicopter was  carefully 
maintained.    Variations   in empty weight  and  eg  due   to  change   in 
helicopter component   and/or   instrumentation were defined by  period- 
ic weighings. 

3. Hie empty weight  of the  test  aircraft   in  the  clean  configura- 
tion without instrumentation  installed was 5H05 pounds,  and the 
longitudinal eg was  201.4  inches.    This aircraft   is  representative 
of the production model aircraft.    This weighing was  performed 
with the following conditions prevailing: 

a. Engine and transmission full of oil. 

b. Trapped fuel not drained. 

c. Empty ammunition boxes with covers and ammunition chutes  in- 
stalled for chin turret. 

d. Four wing store pylon stations installed. 

e. Optional air conditioning system not  installed. 

f. Weight and center of gravity adjusted for removal of jack 
pads. 

4.    The fuel load of the aircraft was defined by measuring the fuel 
specific gravity and temperature after each  fueling,   and by using 
an external sight gauge on the calibrated fuel cell to determine 
fuel volume.    Fuel used in flight was recorded by a calibrated fuel- 
used system,  and the results were cross checked with the sight gauge 
reading following each flight.    Helicopter loading and eg were con- 
trolled by using ballast  located at specific aircraft stations. 

Vibration 

5. Vibration tests were performed at various combinations of gross 
weight, center of gravity, wing store configurations and density 
altitude, to determine if variation of these parameters caused a 
change in the vibration characteristics. Each individual test 
flight was accomplished at a constant main rotor thrust coefficient 
(C-jO . A constant C^ was maintained (for flights conducted at alti- 
tude) by increasing altitude as fuel was consumed. The thrust co- 
efficient varied slightly during climb, autorotation and dive test- 
ing. The engine power output was maintained at or near 50 psi 
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during flight tor all vlbralum tests at density altitudes less 
than 6ÜÜÜ feet.  All vibration data were gathered simultaneuus1y 
during the static stability tests.  Kquation 1 was used to deter 
mine the noiHllmensional main rotor thrust coefficient. 

Thrust coefficient = C 
GRWT 

pAC^RJ2 
(U 

6. To determine  the components  of the  aircraft  vibration  levels   at 
the  fundamental   frequency   (1/rev)   of the main  rotor and  at  the  2/rev, 
4/rev,  6/rev and 8/rev harmonics  of the main  rotor  frequency,   the 
vibration data were  Fourier analyzed.     This  analysis was  accomplished 
using digital  techniques.    The data were  sampled  at  equal  time  inter- 
vals to produce time series of discrete samples.    These time series 
represent  the continuous  vibration data for all  frequencies   less  than 
one-half the sampling rate. 

7. To Fourier analyze the time series of discrete samples,  the dis- 
crete Fourier transform  (DFT) was used.    The calculation of the DFT's 
of the time series were accomplished using a highly efficient compu- 
tation algorithm called the fast Fourier transform  (FFT).    This  al- 
gorithm takes  advantage of the fact that the calculation of the 
Fourier coefficients of the DFT can be carried out iteratively,   and 
results in considerable savings in computer time. 
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APPENDIX IV. TEST INSTRUMENTATION 

All instrumen tut ion was installed in the test helicopter [USA 
S/N b7 15()951 prior to the start of the test program.  This 
instrumentation provided data from three sources;  pilot panel 
(.photo A), copilot/engineer panel (photo 15] and a 50-channel 
oscillograph (photo C).  All instrumentation was calibrated. 
The flight test instrumentation was installed and maintained 
by the Instrumentation Branch, Logistics Division, USAASTA. 
The following parameters were measured: 

PILOT PANEL 

Airspeed (boom system) 
Altitude (boom system) 
Rate of climb 
Rotor speed 
Gas producer speed 
Torque pressure (standard system) 
Longitudinal control position 
Lateral control position 
Pedal control position 
Collective control position 
CG normal acceleration 
Angle of sideslip 

ENGINEER PANEL 

Airspeed (boom system) 
Altitude (boom system) 
Outside air temperature 
Rotor speed 
Torque pressure (standard system) 
Fuel used total 
Oscillograph correlation center 

OSCILLOGRAPH 

Longitudinal control position 
Lateral control position 
Directional control position 
Collective control position 
Pitch attitude 
Roll attitude 
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Yaw attitude 
Pitch rate 
Roil rate 
Yaw rate 
Angle of attack 
Angle of sideslip 
CG normal acceleration , 
Longitudinal SCAS position 
Lateral SCAS position 
Direction SCAS position 
Rotor blip 
Vertical and lateral vibration sensors (pilot seat) 
Vertical and lateral vibration sensors (engineer seat) 
Pilot event 
Engineer event 
Vertical and lateral vibration sensors 

(gun site mounts for chin turret) 
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Photo  A.     Pilot   Inst rununt   Panel 

Photo   11.     Copi lot/GunntM    I nst runu'nl   P.iiu'] 
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Photo  C.     Oscillograph  Installation. 
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APPENDIX V. APPROVED CONTRACT 

DEVIATION FROM MIL-H-8501A 

Rotor  induced fuselage and  cyclic stick vibration shall be measured 
in accordance with,  and shall not exceed,  the levels  of MIL-11-8501. 

Contractor deviation Paragraph  in reference 
11,   app I 

3.4.7 

Subject 

Rotor induced 
vibration 

REQUIREMENT:     Paragraph 3.7.1(b)   of MIL-H-8501A specifies that: 
Vibration accelerations at the pilot,  crew,  passenger and litter 
stations  at all steady speeds between 30 knots rearward and Vc;r.u^se 

shall not exceed 0.15 g for frequencies up to 32 cps  and a double 
amplitude of 0.003 inch for frequencies greater than 32 cps.    From 
Vcruise to Viimit; ^e maximum vibratory acceleration shall not ex- 
ceed 0.2 g up to 36 cps,  and a double amplitude of 0.003 inch for 
frequencies greater than 36 cps.    At all frequencies above 50  cps 
a constant velocity vibration of 0.039 shall not be exceeded. 

DEVIATION:     For the acceptance of production aircraft,  the vibration 
level shall be objectionable if the measurements of representative 
aircraft taken at the pilot's station, gunner's station and gun 
sight(s)  mounting structure indicate values  in excess of: 

Single Ampli tude G Rotor Harmonic 

0.10 1/R 

0.20 2/R 

0.20 4/R 

0.25 6/R 

0.30 8/R 

0.40 10/R 

Tlie flight conditions shall be: 

1.    Density altitude of 2500 feet. 
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2. Stabilized level flight. 

3. 1100 at main transmission input. 

4. Nineteen round rocket pods on outboard store station 

(unfaired)• 

5. Gross weight/a  ratio of 7500 pounds minimum. 

6. Center of gravity between fuselage stations 193 and 194 

(in.). 

7. Main rotor rpm of 324. 

Reason: To define vibration characteristics required of the AH-1G 

helicopter. 
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APPENDIX VI. TEST DATA 
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FIGURU NO.   5 
VIBRATION CHARACTliKISTlCS 
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\ 1UCURE NÜ. b 

VIÜRATIÜN CHARACTER ISTICS 
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,    ! FIGURE NO.   7 
 i i    I VI BRAT I ON CIlARACTli IU ST ICS 
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FIGURE NO. 9 
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FIGURE NO.   10 
VI BRAT 1 ON  Cl lAllACriiH I STICS 

All-IG USA S/N  715695 
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FIGURU NO.    n 
VIBRATION ClIARACrHIUSTICS 

AM-1G USA S/N 715695 

SYM.     GROSS WEIGHT   DENSITY ALTITUDB    ROTOR SPEUU    C.Ü.   STATION    CONFIG.    I'LT. COND. 
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FIGURE NO. 1,2 
VlüKATION CHARACriiHISTICS 

All-IG USA S/N   71^695 
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; FICURli NO. u 
V1ÜKATIÜN CHARACTERISTICS 

' All-IG        USA S/N 715695 
J 

SYM; GROSS WEIGHT DENSITY ALTITUDl! ROTOR SPUED C.Ü. STATION CONFIG. 
x  POUNDS       v FBET        ^ RPM     v INCHES 
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FlCiUKU NO, 14 
VIBRATION CHARACTERISTJCS 
All-lÜ       USA S/ 

SYM    UROSS WUIÜHT    DUNSITY AITITUDH    ROTOR SPEED    CG.   STATION    CONFIG. 
v POU^D % FEET v- lU'M -v   INQ1ES 
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FIGURE NO.   18 
VIBRATION C11ARACTL1UST1CS 
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FIGURE HO, 19 
VIBRATION CllARACrERIStlCS 
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FIGURE NO.  ^3 
ViBKATLON  UlAKACTliRlSTICH 

m-W, USA S/N  715695 

YM. GROSS WIU GUT DHNSITY  ALTlTUUli ROTOR Sl'lifcD CG STATION CONFIG. FLT.   COND. 
^ PÜUJMD? ■^ 1;1;15T ^ RI'M ■\ INCHES 
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FIUURl: NO.   24 
V1B11ATI0N QtARACTKRlSTICH 

AH-IC USA S/N  71569; 
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FIGURE NO. 25 
VIBRATION CHARACTHRISTICS 
AII-IG   USA S/N 715695 

SYM' GROSS WEIGHT DENSITY ALTITUDE ROTOR SPEED CG. STATION CONFIG. 
^ POUNDS        v FEET        ^ RPM     ^ [NCUES 
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KICURB NO.    2fa 
VlBRiVl'ION Cl[ARACTBRISTICS 
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SYM    GROSS WEI Girr    DENSITY Al/riTUDR    ROTOR SPEED    C.G.STATION    COi,; ' 
v POUNDS v, FEET ^ KI'M •   INCHES 

COND. 
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FIGURE NQ   27 
VIBRATION QIAKACTERIST 1GS 

i "ÄTMG"    USA S/N 711.695 

SYM    GROSS WEIGHT    DENSITY ALTITUDE    ROTOR SPEED    CG.  STATION    CONFIG. 
% POUNDS 'v FEET ^ KPM % INCHES 
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FlGUKli NO.    28 
VlüRATlON CllARAC'l'ERISTICS 

All-IG "    USA S/N'■; 15695" 
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FIGURE NO. 29 
VIBRATION CHARACTERISTICS : 
All- ■IG USA S/N 715695 

SYM GROSS WEIGHT 
v POUNDS 

DENSITY ALTITUDE 
%  FEET 

ROTOR SPEED 
^ RPM 

CG. STATION 
% INCHES 
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FIGURE NO. 2lJ     CONTINUED 

COPILOT LATERAL 

8/RIiV. 

I« 

• ^ 

P H 
i-» <; 
J « 
cu H 
< w 

u 
3 < 
«>• 
z z 
M: O 

| 

0-5 

0.4 

0.3 
> 

5.     0-2 
00 

0.1 

0 

0.5 

0.4 

0.3 

|      0.2 

0.1 

0 

'CR- 

 MIL-H-J501A _PARA_. J.J,lb. ^ 

^o®0 ^OQQ %%0%C31* 

6/REV. 

r 
—1> 

VL 

. _MiLJt.8101A_PARA ._5.. I- lb. J 9 0 9    0 0 

^ o (S1 
0 

Q 
O    O  ^e0j',* 

o S" 

20  40  60  80 100 120 140 160 180 200 

CALIBRATED AIRSPEED v KNOTS , 

SI 



■»«^«■^ww^W^.^w™^^ ■ - IIWPIWPW^W-WW^^^^ 

PIGURU NO. 30 
ViaUATION aiAMCTüRISTILS 
"All-IG " USA S/N 715695 

SYM GROSS WEICHT DENSITY ALTITUDE ROTOU SPÜED CG. STATION 
■\, POUNDS       'v FEET        ^ KPM     'w INDIES 

CONFIO.  FLT. COND. 

O 

a 

8470 
8340 
7355 
7205 

4980 
5440 
4460 
5520 

323.5 
324. Ü 
323.5 
321.0 

191.4 (FWD) 
191.2 (TWO) 
190.2 (FWD) 
189.9 (FWD) 

CLEAN 
CLEAN 
CLEAN 
CLEAN 

LEVEL FLT. 
DIVE. 

LEVEL FLT. 
DIVE 

> 

0.5 

0 ,4 

0 ,3 

> 
ai 

0 ,2 
««■ 

0 ,1 

U) 

Ü 0 

? 

\a z a o 
^> !-• 

1 

P; b 1^ ■0 .4 
Cu OJ 

§d i 

B3 U" 0 .3 
3 < j 
y> g z 
M O > o ,2 
"B s ;i 0 .1 

SITE MOUNTING LATERAL 

4/REV. 

vcr 

.MIL4M3501 A_ PARA^ li7J1^, 

r 
>- -.-V 

SoSo00^?,*03" 
%•• 

2/REV. 

.MIji-H-85iLlAPARAJ_i..L^5J    ö  0   ## # 

o  0^ 

0-3 
1 

o.i 

;     0 

BG^O 0° Q0 a 

1/REV. 

MIL-H-8501A^ARA^ 3. T^lb. 
r ' 

2a   40   6Q    so   iqo  Uo i4o   160 i^a   2^0 

CALIBRATED AIRSPEED ^ KNOTS 

92 

■jt.^i^.-.t.1.-. i,,,'.'. 1 mmmmn^mmmmimmmm ■   ■       ■ -^^M^gaiiMü •i-1—-^—  ^jg^^j 



riGUlU; NO.   SO    CONTlNUlil) 

SITE MOUNTING LATFRAL 

—^-'"^■•wuw.vii 

0.5 

0.4 

0,3 

in 
> 0.2 
oi 

ij 

e 
00 0.1 

M z. a o 
=3 M 0 
H H 

1$ 
Qu W 
S -1 < w u 
Itl u _r < 

0.5 C3 
Ä 2 
W o 
W5  M 

H 0.4 

)-< 
> 

>■ 

a: 

0.3 

0.2 

- 
0.1 

8/REV. 

V/r CR 

.MILJ^SSWA JARA^ J J Jb. J h- 

# • 

(p 0(5io a® B<& ^QQH 

6/REV. 

■ ß 
JIL:H-J501A^PARA._3.^.1b__J ^ 

0 

flCT;oBo^^ %BV 
Q  20  4°  60  80 100 120 140 160 1^0 2Q0 

CALIßRATED AIRSPEED ^ KNOTS 

93 

..: .. .. ..h *. t.i.::,.m  ..  ■ "  ■ -'..^ :_. 



PI GURU NQ, 31 
VIBRATIÜN qiAUACTERlSTICS 
AUria   USA S/N 715695 

SYM GRQSS WEIGHT DENSITY ALTITUDE ROTOR SPEED C.G. STATION CONI'IG. 
-V POUNDS       ^ FEET        ^ HPM     %  INCHES 

FLT.   COND. 
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HIQURE NO. 31     CONTINUED 
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FIGURE NO. 32 

VIÜRAT10N UIARACTLIUSTICS 
Mi-iG     USA i/ü 7ism 

SYM    GRÜSS WlilulIT    DENSITY ALTITUDE    ROTOR SPEED    C.G.   STATION    CONFIG, 
v POUNDS -v  FEET v  KPM %  INCHKS 

S360 
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324.5 2ÜI.Ü   CAFT) 1IVV HOG DIVE 
323.5 2UÜ.7   (AFT) HVY HOG LEVEL FL'I 
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PIOURK NO. 32     CONTINUIU) 
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FIGUKH NO. >3 
V1HRAT10NS ClIARACrERISTlCS 

A1I-1G USA    S/N 715695 

SYM    (JROSS WEIGHT    DbNSITY AL'tTl'UDli     ROTOR SPlihD    CG.  STATION    CONFIG, 
■v POUNDS v KEET v  RPM v   iNGUliS 

FIT.   CÜND. 

0 8525 5360 323 5 201.0 (AFT) .-IVY HOG LEVEL FIT 
t 864Q 5380 32 I S 201.0 (AFT) 1IVY HOG DIVE 
a 9435 3295 323.5 2ÜU.7 (AFT) 1IVY HOG LEVEL FLT 
■ 9310 3270 324.Ü 200.6 (AFT) 11VY HOG DIVE 
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FIGURE NO.   33   CONTINUED 
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VIBRATION CHARAt'.rbU IS I iC: 

Ml-\G      USA    S/N   715<->95 

SYM GROSS  WRullT ULNSl. rv AI; 
•%.  POUNDS ^ lUili' 

0 8Si5 S3bÜ 
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FIGURE NO. 54     CüNTINUliü 
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'IGURE NO. 35 
1 1 

1 ' V! BllATION CHARACTERISTICS 
Ml-IG      USA S/N 715695 1 

SYM: GROSS WEIGHT DENSITY ALTITUDE ROTOR SPEED CG.   STATION CONFIG. FLT.   COND. 
i ^i POUNPS % FEET ^ Rl'M '>■   INCHES I 

o ! 852S 5360 323.5 2Ü1.Ü   (AIT) I1VY HOG LEVEL FLT. 
• 8640, 5380 324.5 201.0   (AIT) HVY HOG DIVB 
□ 943S 3295 323.5 2ÜÜ.7   (AFT) HVY HOG LEVEL  FLT. 
■ 9310 3270 324.0 200.6   (AFT) HVY HOG DIVE 
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FIGURE NO. 55 CONTINUED 
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FIGURE NO.    36 
VIBRATION CHARACTERS iTICS 

; 

Ail- 10 USA S/N  715695 

YM GROSS WEIGHT DENSITY ALTITUDl: UOTOR SPEED C.G STATION CONFIG. FLT.   COND. 

\ POUNDS •v KEBT b KI'M -\, INCHES 

0 8525 5560 323.5 201 0   (AFT) !1VY  HOG LliVEL FLT. 
• 8ö40 5380 324.5 201 0   (AFT) HVY  HOG DIVJB 

□ 9435 3295 323.5 200 7   (AFT) 1IVY HOG LliVEL FLT. 

■ 9310 3270 324.0 200 0   (AFT) HVY  HOG DIVE 
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FIGURE NO. 36 CONTINUED 
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F1GUKE NO.   37 
VIBRATIOjj CIIMUCTIiUISTlCS 

AII-IG USA S/N 715695 

,SYM.|   GROSS WEIGHT    DENSITY ALTlTUDIi    ROTOR SI'lilil)    CG.   STATION    CONFIG. 
< POUNDS v, [JKKT '<- RPM v   INCHES 

FLT. COND. 
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J'lOURE NO.  37 CONTINUED 
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FlGUHli NO. 58 
VIBRATION CHARACTF.RISTICS 

All-IG USA S/N 715693 

SYM.  GROSS WRIGHT DENSITY ALTITUDE ROTOR SPEED G.G. STATION GONFIG. f-LT. COND. 
-V POUNDS     , ■v FEET        -V RPM     %  INCHES 

0 8523 5360 323,5 
• 864Q 5580 324,5 
□ 8605 14760 323.0 
■ 8540 14480 322.0 

201.0 (AFT) HVY HOG LEVEL PIT, 
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FIGUkl-: NO.  38  CONTlNUfiü 

COPILOT VERTICAL 

8/REV. 

0.5 f—^CR AND VL  (14480 FT) 

VCRl.5JÖU   Krj 
0.4  VL  (5380 FT) 

0.3 

to 

U 

if 

00 
0,2 

0.1 

0 

MIL-H-8501A 
_PARA._3 J Jb^.. _ 

a 

 1 

"    00 

6/REV. 

h .   # 

•                    :..   .      i   ... 

m ig 
•i 

CO 

1 

0.5 

0.4 

0.3 

j 

i 

r~  
i 

l 

'                   '          '         i         ' 
!                 i        '        . 

1 

1 

0.2 MIL- H-8501A 
PARA.  3.7.1bi 

- -f 
1 •                     i-r;! 

• 

•    . 

0 

•V-b o0o^«,j    : :1:,| 
0  20  40  60 m     ^Q 120 140 160 !&} 2ÖQ  i i 

CALlpRATED AIHSPEEI? -V- KNOTS i   >   I   : ' •; ' 

109 

- -   ■■'■^liiiliiiniiiiiiiiir'^""-"-* ..^..^..^i...^^..............1....-....-^......-.^.■...-:.......,-.—■  --'■— .^.^aaiüM^m .-^.^.■.^.^,^M^..^...^ 



*i'imi W^PIP^»WI.'!JU,IUUMWI,WI»,J.IIJ.III.II ..njiniumnnjpi.j.ijm 
 iiippipppiMnip 

FIGURE NO.   i9 
VJU3RATI0N ClIfllACriiUISTlCS 

AH-IC USA S/N 715695 

;SYM.     GROSS WBIÜHT    DliNSlTY ALTITUDE    ROTOR SPüliÜ    CG.   STATION    CONFIG-     FIT.  GONP. 
i       'vi POUNDS 'v FEKT ^ RPM ^  INCHliS 

8^25 5560 323.5 201.0 (AFT) HVY HOG LEVHL FLT. 
8640 5380 324. S 201.0 (AFT) HVV HOG DIVE: 
8605 14760 323.0 200.9 (AFT) HVY HOG LEVEL FLT. 
854Q 14480 822.0 200.9 (AFT) HVY HOG OIVEi ■ 
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FIÜURE NO. 39   CONTINUliD 
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SYM, 

FIOURli NO.   40 
VIDRAIION CHARACTERlSTICS 
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F1GUKK NO. 41 
VI BRAT I ON CHAJUCTRRI ST 1CS 
"AH-IG USA S/N 715695 

SYM.; GROSS WEIGHT DKNSITY ALTITUDE ROTOR SP11BU C.G. STATION CONFIG. 
;. . , -M  POUNDS       'v ITiliT       % RFM     '^  INCHES 
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PIQURE NO.   41   CONTINUED 
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PIGURP, NO.   '12 
VI agAT 1 ON CIIAIIACTHR1 ST ICS 

Uli-IG USA S'/N 71569? 

SYM.     GROSS WEIGHT    DENSITY ALTITUDH    ROTOR SPEED    C.G.  STATION    CONFIG.     FLT.  COND. 
v POUNDS % FEET ^ iU'M 'v  INCUliS 
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APPENDIX VII. SYMBOLS AND ABBREVIATIONS 

Abbreviation Definition 

ALT Altitude 

AVG Average 

BL Buttline 

COEFF Coefficient 

CG, eg Center of gravity 

COND Condition 

CONF Configuration 

GPS, eps Cycles per second 

DEC, deg Degrees 

DESCRIPT Description 

DWN Down 

FIT Flight 

FT Feet 

FS Fuselage station 

FWD, fwd Forward 

GRWT, grwt Gross weight 

in. Inch, inches 

KCAS Knots calibrated airspeed 

LB, lb Pound, pounds 

LAT 
• 

Lateral 

LT Left 

Unit 

foot 

inch 

degree 

foot 

inch 

pound 

inch 

knot 

pound 
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Abbreviation Definition 

LONG. Longitudinal 

MAX, max Maximum 

MIN, min Minimum 

NO., no, Number 

REF, ref Reference, referred 

RT Right 

SCAS Stability and contr 
system 

SEC, sec Second 

SL Sea level 

S/N Serial number 

STD, std Standard 

SYM Symbol 

WL Waterline 

Unit 

inch 

Symbol 

A 

C^ 

1-1 D 

cal 

Definition 

Rotor disc area 

Thrust coefficient 

Density altitude 

Pressure altitude 

Rotor radius 

Calibrated airspeed 

Unit 

ft2 

foot 

foot 

foot 

knot 
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Symbol 

Vll 

VL 

P 

n 

Subscript 

a 

std,   s 

t 

Definition 

Maximum airspeed   for  level   flight 

Limit  airspeed 

Air mass  density 

Rotor rotational  frequency 

Unit 

knot 

knot 

slug/ft3 

rad/sec 

Definition 

Ambient 

Standard 

Test 
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APPENDIX VIII. DISTRIBUTION 

Agency 

Commanding General 
US.Army Aviation Systems Command 
ATTN:  AMSAV-R-F 

AMSAV-C-A 
AMSAV-D-ZDOR 
AMSAV-R-EH 
AMSAV-C-W 
AMSAV-R-R 

PO Box 209 
St.   Louis,  Missouri     63166 

Test Interim F in a 1 

Plans Reports Reports 

5 5 6 
_ _ 2 
_ _ 2 

1 1 2 
_ _ 2 
_ _ 1 

Commanding General 
US Army Materiel Command 
ATTN:     AMCPM-AAWS 
PO Box 209 
St, Louis, Missouri 63166 

Commanding General 
US Army Materiel Command 
ATTN:  AMCRD 

AMCAD-S 
AMCPP 
AMCMR 
AMCQA 

Washington, D. C.  20315 

Commanding General 
US Army Combat Developments 

Command 
ATTN:  USACDC LnO 
PÜ Box 209 
St. Louis, Missouri 63166 

11 11 

2 
1 
1 
2 
1 

11 

Commanding General 
US Continental Army Command 
ATTN:     DCSIT-SCH-PD 
Fort Monroe, Virginia    233S1 
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Test Interim Final 
Agency Plans Reports Reports 

Commanding General 
US  Army Test  and Evaluation 

Command 
ATTN:     AMSTE-BG 2 2 2 

USMC  LnO 1 I 1 
Aberdeen  Proving Ground, 

Maryland    21005 

Commanding Officer 
US Army Aviation Materiel 

Laboratories 
ATTN:     SAVFE-SO,  M.   Lee 

SAVFE-TD 
SAVFE-AM 
SAVFE-AV 
SAVFE-PP 

Fort  Eustis,  Virginia    23604 

Commanding General 
US Army Aviation Center 
Fort Rucker, Alabama    36362 

Commandant 
US Army Primary Helicopter School 
Fort Wolters, Texas    76067 

President 
US Army .vviation Test Board 
Fort Rucker, Alabama 36362 

Director 
US Army Board for Aviation 

Accident Research 
Fort  Rucker,  Alabama    36362 

President 
US Army Maintenance  Board 
Fort  Knox,   Kentucky    40121 

Commanding General 
US Army Electronics Command 
ATTN:     AMSEL-VL-D 
Fort Monmouth,  New Jersey    07703 
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Agency 

Commanding General 
US Army Weapons  Command 
ATTN:   ' AMSWIi-RDT 

AMSWO-RIiW 
(Airborne Armament  !■'lying) 
Rock   Island Arsenal 
Rock   Island,   Illinois    61202 

Commandant 
US Marino Corps 
Washington,   D.   C.     20315 

Director 
US Marine Corps  Landing 

Force  Development Center 
Quantico,   Virginia    22133 

US Air Force,  Aeronautical 
Systems  Division 

ATTN:     ASNFD-10 
Wright Patterson Air Force Base, 

Ohio    45433 

Test 
Plans 

I liter i in 
Reports 

I'i na 1 
Reports 

Air Force  Flight Test Center 
ATTN:     PSD 

SYSE 
Edwards Air Force  Base, 

California    93523 

Naval Air System Command 
Headquarters   (AS30122) 
Department of the Navy 
Washington,   D.   C.     20350 

Commander 
Naval Air Test  Center  (IT23) 
Patuxent River,  Maryland 20670 

Federal  Aviation Administration 
ATTN:     Administrative Standards 

Division   (MS-UO) 
800  Independence Avenue S.W. 
Washington,   I).   C.     20590 
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Agency 

Department of the Army 
Office of the Chief,  Research 

oiul Development 
ATTN:     CRD 
Washington,  1).  C,     2Ü31Ü 

Department  of the  Army 
Deputy  Chief of Staff for Logistics 
ATTN:     LOG/MHD 

LOG/SAA-ASLSB 
Washington,   I).   C.     20310 

Department of the  Army 
Army Concept Team  In  Vietnam 
APO San  Francisco    96384 

Director 
US Army Aeromedical Research Unit 
Fort Rucker, Alabama 36362 

Lycoming Division of 
Avco Corporation 

Stratford Plant 
550 South Main Street 
Stratford; Connecticut 06497 

Test 
Plans 

Interim 
Reports 

Final 
Reports 

Bell Helicopter Company 
Military Marketing Sales Engineering 
PO Box 482 
Fort Worth, Texas    79901 

Defense Documentation Center 
Cameron Station 
Alexandria,  Virginia    22314 
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